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ABSTRACT: The essay gives an overview on researches in the field of laser ion acceleration, focusing on 
two types of targets. There are many types of targets while they can all be divided into targets that apply single 
ion or multiple ions. Mixed solid targets are proven efficient in accelerating heavy ions and generate high-
quality ion beams with energy divergence lower than 5%. Traditional methods like TNSA are mainly used to 
accelerate protons or heavy ions and there are still many spaces for modification and improvement. 
Applications of laser-driven ion beams are wide in fields like detector technology, cancer therapy and so on, 
which is promising and necessary. 
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1 INTRODUCTION 
Ultra-intense laser-plasma interaction has been 
deemed to be a bridge between fundamental physics 
and technological progress [1]. This coupling “has 
opened avenues using multi-MeV proton and ion 
beams” [2] for varieties of important applications 
such as fast ignitor of laser fusion [3] and accelerator 
technology [4]. Because of these significant 
applications, there is a tendency that laser ion 
acceleration becomes the focus of intensive and 
fundamental studies of physics. 
In this paper, a brief introduction of some 
researchers’ results and vital progress in the laser ion 
acceleration area will be presented. This essay will 
put its concentration on what is the difference 
between laser ion acceleration with mixed solid 
target and single ion target as well as targets with 
multiple layers. Moreover, readers can dig deeper 
into the area by reading the references which is given 
in APA style listed at the end of the essay or search 
on the website of PRL and other professional 
websites that concern about plasma and laser physics. 
The existing problems in the field are also pointed 
out in throughout the essay, especially the conclusion 
part. 
Carbon target is applied in the BOA (break-out 
afterburner) [5] and usually a titanium target or 
PMMA target which is rich in proton is utilized in 
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TNSA [6]. Both of these methods are proven 
effective while it is universally acknowledged that 
diamond and titanium is very hard. It indicates that 
it is very difficult for human beings to process these 
materials into thin targets. In contrast, foil is high in 
atomic number and is of excellent ductility, meaning 
that it is rich in proton and easy to be processed into 
any target of any thickness, which is the reason why 
many methods like CES would apply a foil target. 
Many scientists in Osaka University like Ryosuke 
Kodama have interest in the process of laser ion 
acceleration inside irradiated solid targets by 
applying neutron spectroscopy, researchers from 
INFN (Instituto Nazionale di Fisica Nucleare 1 ), 
however, seem to have more enthusiasm in realizing 
ion acceleration with a narrow energy spectrum by 
nanosecond laser-irradiation of solid target, which 
have something in common with researchers from 
University of Messina (Italy) and University of 
Catania (Italy) [7]. Similar researches are also 
conducted in universities and institutes all over the 
world like University of New South Wales in 
Australia [8], University of Strathclyde in UK [9], 
Pakistan Institute of Nuclear Science and 
Technology and Optics Laboratories in Pakistan [10]. 
As to the pure ion foil target, needless to say, there 
exist plenty of papers or experiments that concerns 
about foil under different situations. Generally, the 
studies of laser ion acceleration by utilizing pure ion 
foil target are centralized in countries like China, 
 
1
 Italian, it means National Institute of Nuclear Physics 
Germany, America, Japan, Australia etc. Institutes 
and universities such as Institute of Physics of 
Chinese Academy of Sciences, Los Alamos National 
Laboratory in USA, Max-Born-Institut in Germany, 
Photo medical Research Center in Japan, Peking 
University in China, University of Strathclyde in UK, 
CLPU (Centro de Laseres Pulsados2) in Spain etc. 
Mixed solid target is comparatively a new concept 
in recent decades, serving to achieving high-quality 
ion beams. Researchers from Shanghai Institute of 
Optics and Fine Mechanics performed an experiment 
in 2009 on ion acceleration with mixed solid targets 
with circularly polarized lasers [11]. Also, previously, 
there are many theoretical and experimental work 
that serves to pave the way for laser interaction with 
mixed solid target. Institutes and universities like 
Shanghai Institute of Optics and Fine Mechanics, 
Institute for Plasma Research of India, Los Alamos 
National Laboratory of USA, University of Nevada, 
Max-Planck-Institut fur Quantenoptik of Germany 
and so on are embarking on similar projects [11-20]. 
As the research topic is laser ion acceleration, 
naturally, there are generally three difficult problems 
to be solved in the essay: (1) How can we acquire 
high energy ion beams by applying laser ion 
acceleration? (2) How to accelerate particles so as to 
achieve the best result like more energy deposit and 
less energy divergence? (3) Where can laser ion 
acceleration be possibly applied?  
 
2 Spanish, it means Pulsed Laser Center 
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2 MIXED SOLID TARGET 
  As we all know, heavy ions cannot be accelerated 
efficiently just like protons as their lower charge-
mass ratio. While according to [11-15], we do can 
increase the velocity of ions and accelerate them 
efficiently with mixed solid targets. Here, the word 
“mixed” means that there are two species of ion 
plasmas in the target during the interaction. 
Researches find that the velocity of heavy ions 
increases with the rise of the proton proportion. The 
theory as well as experiments are based on the 
acceleration of mixed cold targets with gaussian type 
pulse and ultrathin foil.  
  Considering one-dimensional particle in cell (1D 
PIC) situation where the ratio of charge-mass is fixed 
with the parameters set as follows according to 
[11,12]: 
  the wavelength of CP laser pulse: 1 m =  
  initial density: 10en =  
  the initial region that is occupied by targets is 
between 64x =  and 72x =  
  the laser amplitude rises from 0 to a = 2 in 5 times 
of laser period and then remains constant 
  keep the ratio 1
2
4i
i
n
n
=  constant 
reference [11] derives the process of the 
acceleration of heavy-ion and import the following 
figure at two instants t = 80T and t = 180T: 
 
  FIG. 1. Phase space of protons (red dots) and heavy ions (green dots) and the electric field 
distribution (black solid line) for the proton-dominated plasmas at (a) t = 80T and (b) t = 180T. 
   
  It shows vivid in FIG. 1 that there exist two stages 
of different acceleration: when t = 80T, protons are 
accelerated efficiently up to a considerable speed by 
the electrostatic field while the heavy ions almost do 
not get much accelerated at all, which can even be 
seen as immobile due to their larger inertia. Light 
ions charge faster than the heavy one, meaning that 
the heavy ions do not have enough time to respond 
the sudden change of the field. But when it turns to t 
= 180T, things are different. It shows clearly in FIG. 
1 (b) that heavy ions almost overtake protons and it 
seems that the reflected protons and heavy ions 
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almost possess the same velocity. When acceleration 
time reaches to the magnitude of hundreds of pulse 
periods, the interaction can be seen as stable enough 
and heavy can be fully accelerated. It is emphasized 
that 
  The heavier ion acceleration is more efficient in 
the mixed plasmas than in the pure-heavy-ion 
plasma. [11,12,15]. 
  Contrary to protons who have smaller mass, heavy 
ions are accelerated by a “much more partial 
electrostatic field”, leading to the enormous changes 
in their velocities [11-15]. Also, we can find from 
FIG. 1 that heavy ions are driven by lighter ions 
indirectly which explains why light ions are slightly 
ahead of heavy ions. The final velocities of light and 
heavy ions are nearly the same as the accelerating 
electric field belong to the same self-consistent 
electrostatic shock system, which can also be seen 
from the equation (1), thus the velocities are 
determined only by the inherent parameters of the 
laser and plasma. 
  We are interested in the exact influence of charge-
mass ratio and heavy ion proportion on the result of 
the acceleration theoretically and experimentally.  
With the definition of two corresponding variables:
1 2 1 1 2 2, ( ) ( )e en n Z A Z A = =  , a vital equation 
can be derived [11,15]: 
2
2
( 1)
2 1i e c
p e
v m nZ
a
c A m n
 
 
−
 +
+
      (1) 
where n is density, m is mass, Z is proton number, A 
is atomic number and a is during period of the 
process. 
  The result of the simulation shows that such shock 
acceleration mechanism exists for a wide range of 
possible parameters. Moreover, to raise the energy of 
heavy ions effectively, it is a must that the proportion 
of heavy ions be much lower than that of light ions. 
But it is also important that the proportion of heavy 
ions should not be too small, which may contribute 
to the failure of acquiring energy increase at the 
second stage of acceleration. 
  The figure of different results of simulation and 
experiments under different values of  and   are 
shown below where points stand for experiments and 
solid-line curve for simulation [11,15]: 
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FIG. 2. Reflected heavy-ion momentum versus (a) and (b)  from simulations (circles) at t = 150T. 
 
We can see easily from FIG 2 (a) that the proportion 
of heavy ions should be much less than that of the 
light ions so as to raise the energy of the heavy ions 
efficiently as the curve declines with the decrease of
 . FIG 2 (a) also illustrates us of the influence of 
the ratio of heavy ions on its acceleration which can 
be seen from the curve with parameter 10 = . From 
FIG. 2 (b), it is clear that the energy declines with the 
increasement of  which indicates that we should not 
choose a low value of  . Moreover, we can find that 
the decline of  is not sharp when is large. 
 
FIG. 3. Profile of the ion velocity as the function of 
proton density. The red square denotes the 
simulation results and the blue line denotes the 
analytical results [11,15]. 
   
FIG. 3, however, show us that the acceleration 
effect of the heavy ions is better with a larger density 
ratio of the light and heavy ions, which is acceptable 
and intuitive [11]. While results of similar but 
simpler researches [16,17] do not accord with the 
result shown above and it is maybe a flaw in the 
method which needs to be checked in future 
researches.  
  It has to be pointed out that the previous analysis 
is based on the hypothesis that the laser pulse is 
flattop which means that the accelerated ions are 
monoenergetic. However, in most practical cases the 
laser is roughly Gaussian and maybe plasma density 
is not always a constant in space, which probably 
leads to the ions not being monoenergetic. As a 
solution to the issue, a sandwich target with a thin 
mixed layer between two light ion layers just as FIG. 
4 shows is employed [11,12,15]. 
 
  FIG. 4. Sandwich target scheme from the normal 
mixed target (red solid) and sandwich target (blue 
solid) at t = 240T for a Gaussian laser pulse with peak 
amplitude a = 4 and FWHM of 22T. 
   
  As is mentioned before, the pulse employed is 
gaussian type. Therefore, when the rising edge of the 
pulse reaches the target, it can only interact with ion1 
in the front layer with little energy deposit, same as 
the right part of the pulse, and when the most intense 
part of the pulse interacts with the target, it almost 
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locates in the middle part. The middle layer is thin to 
ensure that the interaction time is short enough to 
keep the laser intensity constant, resulting in “a more 
monoenergetic heavy-ion bunch” [11,14,15,20]. 
  There is nothing ambiguous about the fact that 
mixed solid target is a promising direction for 
accelerating heavy ions. Currently, by applying the 
method of mixed solid target, a laser intensity of 5×
1019 W/cm², heavy ion beams with energy 
divergence of 5% at the longitudinal kinetic energy 
of xE ~58 MeV with the total charge of ~10
-10 C can 
be obtained [11,12,15,18-20]. It shows that such 
method is practicable and applicable. In addition, 
high laser intensity and low temperature within a 
certain range are appropriate for accelerating heavy 
ions. To sum up, the method is so effective and 
practical that it has been proven that under the same 
laser condition, the method can raise the energy of 
heavy ions by nearly 100% [11-15,18-20]. The 
method is of great importance because by applying 
such method, the quality as well as the energy and 
space divergence of the heavy-ion beam can be 
improved tremendously. Moreover, the parameters 
of laser and plasma applied in the simulation and 
calculation can be easily achieved in the laboratory, 
which indicates an efficient way of producing high-
quality heavy-ion beams. 
  It is also meaningful to introduce the general 
acceleration mechanism of mixed solid target. CES 
method is a typical example. CES is the abbreviation 
of collision-less electrostatic shock, originating in 
1960s by a number of researchers like Moiseev, 
Montgomery and so on [38]. It has been proven to be 
an effective way of accelerating heavy ions 
theoretically and experimentally. The principle of 
CES is delicate: when an ultra-intense ultra-short 
pulse interact with mixed solid target, electrons 
would be expelled out of the target to form an 
electron spike just like methods mentioned above, 
which would decelerate incident ion beam. The 
delayed ions that do not have enough time to respond 
the pulse would then be accelerated by the 
electrostatic field established between ion spike and 
electron spike [38,39]. The unperturbed plasma ions 
that exist between the moving spikes would be 
reflected by the electric field and acquire nearly the 
same velocity regardless of the mass. Thus, an 
electrostatic shock propagating into a plasma is 
formed. During the reflection, the light ions and the 
heavy ions can get the same speed, resulting in the 
higher energy in heavy ions thanks to their heavier 
mass [15,38,39].  
  The method of mixed solid target mentioned 
above has some overlap with CES to some degrees. 
By applying CES, it has been reported that we can 
achieve helium ion beams of ~ 13 MeV with energy 
spread of about 7% with the intensity of laser up to 
~ 1020W/cm2 [39]. It is a relatively good result as we 
can get high energy and nearly high-quality heavy 
ion beams. 
  It is pleasing that the method does provide us with 
practical solutions to the difficult problems of how 
to generate high-quality ion beams and how to 
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accelerate ions. But what distresses us is that the 
acceleration of protons is negatively influenced and 
there is almost no possibility for us to get high-
quality proton beams which has bad energy and 
space divergence in mixed solid target method. 
Furthermore, currently it is relatively difficult to 
increase the laser density, causing the slowness of 
velocities of the accelerated ions [11,15,19,38,39]. 
The primary difficulty of the theory and experiments 
lie in how to choose parameters like heavy-ion 
proportion of mixed solid target. Also, to put forward 
with such fascinating idea of mixed solid target itself 
is of full difficulty. 
    There are many possible and promising 
applications of such method as we can acquire high-
quality monoenergetic ion beams like proton beams 
or heavy ion beams. It can be applied in fast ignition 
of inertial confinement fusion [3], cancer and tumor 
therapy [21-23], progress in spectrometers and 
detectors or other relative equipment [24,25] and so 
on. 
3 SINGLE ION TARGET 
  In this part, some traditional methods for 
accelerating ions utilizing single ion target as well as 
multiple layer targets will be overviewed. Traditional 
methods consist of TNSA, BOA and DCE, other 
methods like RPA would be neglected due to the pure 
fact that they have been covered in the course.  
a. TNSA 
  TNSA (target normal sheath acceleration) is put 
forward by Wilks, Langdon and Cowan in 2001 and 
it has been proven to be effective in accelerating 
protons up to highest energy of nearly 60 MeV [6,26]. 
The acceleration mechanism of TNSA is presented 
in FIG. 5 [27]: 
  
FIG. 5. The acceleration mechanism of TNSA 
   
The target applied is single ion target. When the laser pre-pulse reaches the front side of the thin 
 8 / 15 
target foil, it creates a pre-plasma and then the main 
pulse interacts with the plasma, accelerating 
electrons forwardly with the ultimate kinetic energy 
up to magnitudes of MeV (generally 5 ~ 50 MeV) 
with ~ 1020 W/cm2 lasers. Then the high energy 
electrons would collide with background materials, 
resulting in the increasement in the divergence of 
current. Afterwards, a highly dense sheath is formed 
along with the electric field due to the charge 
separation between electrons and ions, indicating 
that ions would be accelerated in the sheath electric 
field efficiently as the intensity of the field can reach 
magnitude of TV/m.  
  TNSA possesses the ability of accelerating all 
kinds of ions theoretically and the requirements of 
such method can be easily satisfied in the lab. While 
there are many flaws in the method, on one hand, the 
energy divergence of ion beams can reach 100% with 
a Maxwell distribution, which is contradictory to our 
expectation [28]. On the other hand, at the current 
stage, the energy conversion efficiency is very low. 
Though we can acquire approximate 70 MeV high 
energy protons but the number of high energy 
particles are few, which equals to say that such 
beams cannot be applied in reality, for example, 
tumor therapy. 
  Some scientists modify the TNSA method with a 
double layer target: one layer is a comparatively 
thick layer composed of plateau sub-ordinal material 
and the other ultrathin layer composed of materials 
with low atomic number [29,30]. Experiments and 
simulations prove that such modification can 
enhance the energy spread of ion beams down to 
~17%, but still not efficient enough. It is still a 
difficult problem to solve in TNSA.  
b. BOA 
  L.YIN came up with the idea of BOA in 2006 to 
generate carbon beams with GeV energy magnitude 
through the interaction of ultra-intense linear 
polarized laser and ultra-thin target [5,28,31]. The 
typical size of target is 100 nm and the typical energy 
of ion beams are 1~2 GeV which is very attractive 
and earthshaking. BOA also applies single ion target 
and the acceleration phase of BOA can be divided 
into 4 stages according to [28,31]. At first, the 
acceleration follows TNSA acceleration mechanism 
where hot electrons generated by the mechanism 
formed a sheath where the target is mainly made up 
with cold electrons. Then, more and more cold 
electrons are turned into hot electrons which 
enhances the intensity of the electric field. Electrons 
would move with relativistic velocity and drive the 
ions to be accelerated. Finally, the pulse passed 
through the target with ion beams of diverse energy. 
  It is obvious that the most beneficial part of BOA 
is ion beams with ultra-high energy as currently there 
is nearly no efficient ways to generate GeV ion 
beams. While there are also some drawbacks, BOA 
is demanding to targets (10~500 nm) and the energy 
spread of BOA is also big (10%~20%) compared to 
previous methods. Similar to TNSA, double-layer 
target is also applied to modify the method [32]. 
 
 9 / 15 
 
FIG. 6. The schematic diagram of double-layer BOA acceleration [28,32]. 
 
With the addition of a second foil with thickness 
and density that is properly chosen as is shown in 
FIG. 6, the energy divergence can be reduced to 
about 7% [32,33]. Another vital function of the 
second foil target is to prevent laser pulse from 
further heating electrons as well as provide a 
container for the exchange of cold electrons and hot 
electrons to ensure the balance and equilibrium of 
the system. BOA is an efficient and practicable way 
to accelerate ions overall. 
c. DCE 
  DCE stands for directed coulomb explosion. It is 
a relatively old idea for acceleration with a single ion 
target, originating in 1967 by Fleischer, Price and 
Walker naming ion explosion [34]. The principle of 
DCE is very simple, the intense ultra-short laser 
(>1016 W/cm²) interacts with the irradiated target, 
expelling electrons and establishing an ion layer. A 
strong electrostatic field is formed after the 
interaction which plays a critical role in accelerating 
protons. Then, protons would undergo a “coulomb 
explosion” because of the excess of positive charges, 
expanding like clouds from a bomb explosion in the 
laser propagation direction [35]. The coulomb 
explosion would affect the distribution and 
homogeneity of the electrostatic field and the 
electron layer. With the application of DCE, it is not 
difficult to acquire ion beams with 50 MeV and the 
energy spread 20% ~ 50%. 
  While there are also many problems with the 
method, such as the accelerated protons are not 
satisfying as we desire for high energy ion beams and 
the vast energy divergence is disappointing. In order 
to handle the problem, two-layer target is employed 
[35-37]. 
 10 / 15 
 
  FIG. 7. Schematic diagram of two-layer target 
system [36]. 
   
  The first layer is composed of intense heavy ions 
and the second layer, which is very thin, is made up 
of ionized low-density hydrogen. When the ultra-
short ultra-intense laser pulse interact with the front 
layer, electrons escape from the layer with the 
charged layer of heavy ions left [37]. The 
electrostatic field established in the target is strong 
enough to accelerate and improve the unipotency of 
protons efficiently. The dynamics of coulomb 
explosion, however, are ignored as the ion mass are 
much larger than that of proton. 
  With the modification, we can get proton beams 
with more than 100 MeV, approximate 107 protons 
generated and energy divergence less than 5% by 
utilizing a laser of 500 TW with the simulation result 
of 111 MeV and energy spread of 2.8% [37]. Also, 
we can get ion beams with energy ranging from 140 
to 210 MeV and energy spread at about 3% for a 
Gaussian beam and a flat-top beam of 1021 W/cm2 
[35]. In summary, we can produce comparatively 
high-quality proton beams by applying the modified 
DEC method with energy ~ 100 MeV and energy 
spread ~ 5%. But the quality of the ion beams still 
needs to be improved. 
   
4 CONCLUSIONS 
  In recent decades, there are more and more needs 
for monoenergetic ion beams with high energy like 
magnitude of MeV or more in fields like medical 
therapy, accelerator advance and fast ignition of 
laser-driven fusion [3,15,18,22,23,40]. If we can get 
absolute monoenergetic ion beams, then the question 
(2) that is aroused in introduction part is completely 
solved. While unfortunately, we can not erase the 
energy spread of ion beams at the current stage and 
it is also impossible to erase the energy divergence 
due to the randomness of interaction between pulse 
and plasma. Furthermore, if we apply a detector to 
detect the accelerated ion beams despite of it is made 
up of positive ions or negative ions, we get an energy 
spectrum with energy spread due to the statistical 
randomness of interaction between beams and 
detector medium and all detectors have their inherent 
energy resolution, i.e. FWHM [41]. We can also 
define the energy resolution of ion beams out of the 
target which is actually called as energy spread. The 
definition of energy spread is as follows: 
E
E


=                (2) 
in equation (2) E  is the spectral width at half the 
peak height. We expect less energy spread to 
improve the quality of the beams. In TNSA, the 
phenomenon is devastating where the energy spread 
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is 100% while in BOA, we can acquire energy spread 
of about 17% and 20% ~ 50% in DCE. In contrast to 
those methods, in mixed solid target and CES, we 
can acquire energy spread of less than 5% which is 
still not enough for practical application, for example, 
in cancer therapy, energy divergence of less than 1% 
is required [21-23]. The modification of these 
methods is usually conducted through applying two-
layer target with different properties in two layers. 
After modification, the energy spread can be sharply 
reduced to a small number while there still remains 
lots of work to be done in the field of laser ion 
acceleration. 
  As to the first question that how to acquire high 
energy ion beams, different methods give different 
maximum energy of ion beams. In TNSA, we can 
acquire ~50 MeV high energy ion beams and ~ 1 
GeV in BOA, ~ 100 MeV in DCE, ~ 58 MeV in 
mixed solid target. Such comparison is not valid as 
some of the methods are applied to accelerate heavy 
ions like mixed solid target as heavy ions are far 
more difficult to be accelerated than light ions like 
protons while others are employed to generate high 
energy proton beams.  Actually, compound targets 
were put in use in the course of laser-driven ion 
acceleration, but they were often used as a 
background to increase “the gradient of the space-
charge field” for light ions like protons [15,42].  
  The third question concerning about the 
application fields of laser ion acceleration has been 
answered during the introduction to different targets 
and acceleration mechanisms. It is noteworthy that 
PIC (particle in cell) simulations are often applied to 
laser ion acceleration as a test of theory, which is 
powerful and appropriate when developing new 
methods for acceleration [3-15,18-20,26-33,41]. 
  In summary, the essay introduces two different 
targets: target that contain only single type of ion and 
target that contain two types of ions. single ion 
targets are effective in accelerating light ions like 
protons and electrons while mixed solid target is 
applied to accelerate heavy ions. Mixed solid target 
is still not mature and remain lots of problems to 
solve like how to improve the maximum energy of 
ion beams and how to accelerate more heavy ion 
particles compared to the well-developed single ion 
target. Different targets are chosen under different 
situations according to the requirements of the 
researchers and sometimes multiple layers of targets 
are used. The commonly used material for targets is 
foil at the current stage [12,13,17]. The targets tend 
to be made more and more thin to magnitude of 
nanometer. It is easier for electrons in ultra-thin 
targets to be expelled and can improve the 
unipotency of ion beams [8,40]. Meanwhile, to 
ensure the sufficient interaction between targets and 
laser pulse, it is necessary that the thickness of 
targets to be close to the wavelength of laser pulse. 
  The thickness of targets can reach the magnitude 
of 10-9 m at present [31]. Compared to foil, it is 
difficult for titanium to be processed into thin targets 
while it is reported that Schwoerer et al. who come 
from Germany have succeeded in producing 
titanium targets of 5 μm [43]. Thinner a target is, 
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harder will it be to process it. Anyway, the 
technology of processing targets as well as the 
methods of accelerating ions is getting more and 
more mature. 
  Nevertheless, there are still many problems in the 
laser-driven ion acceleration. The mechanism and 
location of ion acceleration as well as where do the 
observed ions come from are still under debate 
despite the fact that some experiments have shown 
that the acceleration process of protons happens at 
the back surface of the target [36,44]. Also, different 
targets composed of different materials with 
different thickness have different influence on the 
acceleration process which should be estimated in 
future researches. Meanwhile, it is necessary to 
consider the stability of the target and the possible 
deformation of the thin and fragile target when 
interacting with ultra-intense ultra-short laser pulse. 
Researches have revealed that the lateral instability, 
such as Weibel instability and Rayleigh-Taylor-like 
instability, and the deformation of target become 
more and more important with the simulation of 
multi-dimensional particles [28,45,46]. Under such 
condition, it is vital to suppress the deformation of 
the target and the lateral instability in order to 
acquire high-quality ion beams. The issues 
mentioned before are still under consideration and 
tested which appeals for practical solutions. 
  In general, laser ion acceleration method is 
promising and practicable both experimentally and 
theoretically. But there is still a long way to go to 
fully meet the requirement of practical application 
through the utilization of mixed solid target and 
single ion target as well as different acceleration 
mechanisms.  
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